The aim of the present study was to evaluate the effects of ionic (ioxaglate) and non-ionic (iopromide) contrast media on haemostatic parameters ex vivo. In 40 patients undergoing coronary angiography, platelet function (platelet reactivity and serotonin concentration) and coagulation markers [thrombin-antithrombin III complexes, prothrombin fragments (F1+2) and the D-dimers] were measured. The use of an ionic X-ray contrast agent (XCA) (ioxaglate) in diagnostic cardiac catheterisation angiography is associated with lower thrombin generation and lower activation of the platelet system than when a non-ionic XCA is employed (iopromide). The results thus confirm the results of various in vitro studies and animal investigations.
Introduction
Various X-ray contrast agents (XCAs) are available in interventional cardiology. There are basically four different classes of contrast agents: ionic monomers, ionic dimers, non-ionic monomers and non-ionic dimers. They differ fundamentally in their physicochemical characteristics [for a review, see ref . 1] . These concern the iodine concentration, the osmolality, molecular structure, hydroand lipophilia, the electrical charge and solubility, the viscosity and the stability. These factors are responsible for the various biological and resulting clinical effects. Nonionic XCAs are used today in many cardiac catheterisation laboratories because of the somewhat better side effect profile. There have been a few randomised and nonrandomised investigations which showed that use of the ionic XCA ioxaglate was associated with a reduction in thrombotic events compared to the use of non-ionic XCAs [2] [3] [4] [5] [6] [7] . This is in contrast to a study by Schräder et al. [8] , in which an ionic XCA was not found to have any advantages.
It would be reasonable from the pathophysiological aspect to expect that ionic XCAs could have an advantage with regard to thrombotic events. After the first evidence in this direction when Robertson [9] observed that clots formed in syringes that were filled with a mixture of blood and non-ionic contrast agent, it was Chronos et al. [10] who showed in vitro that non-ionic contrast agents lead to platelet degranulation, which was not induced by ionic contrast agents. A recently published study, likewise in vitro, was able to show that ioxaglate markedly reduced thrombin generation and in particular markedly increased the effect of abciximab, a glycoprotein IIb/IIIa antagonist [11] .
Results obtained in vitro are not always comparable to conditions as they occur in the endothelium-lined vascular system. We therefore investigated the effects of an ionic contrast agent (ioxaglate) compared to those of a non-ionic contrast agent (iopromide) on platelet function and plasma coagulation ex vivo.
Patients and Methods

Study Design
The study was a prospective randomised comparative study similar to that of Arora et al. [12] . There were two groups, each with 20 patients who underwent diagnostic cardiac catheterisation in which either an ionic or non-ionic XCA was employed. Two patients in the ioxaglate group and 3 patients in the iopromide group received 2,500 IU of heparin during the cardiac catheterisation angiography. No other medication was given.
Patients with raised creatinine levels who were having bypass angiography or additional imaging of the internal mammary artery were excluded. Diagnostic cardiac catheterisation was selected in order to ensure that activation by the procedure itself was as low as possible. The extent of the endothelial injury was monitored by measuring tissue factor, which is normally not detectable and is released only when there is damage to the vessel wall.
A blood sample was drawn and analysed before and 30 min after the end of the procedure. The parameters of primary haemostasis were circulating platelet aggregates and also the platelet count, and the serotonin concentration was used to measure platelet activation. The activation of the haemostasis system was detected by measuring parameters that rise significantly, particularly when thromboembolic processes are taking place. The following were measured to detect thrombin generation: thrombin-antithrombin III complexes, prothrombin fragments (F1+2) and the D-dimers (split products of FXIII cross-linked fibrin strands induced by the action of plasma which indicate that coagulation has taken place with consequent fibrinolysis). Furthermore, endothelial injury factors such as tissue factor and thrombomodulin were measured, which possibly provide evidence of the degree of injury due to the catheter intervention.
X-Ray Contrast Agents
The ionic XCA used in this study was ioxaglate, trade name Hexabrix 320 ® . Hexabrix 320 is an ionic hypo-osmolar XCA with a dimeric molecular structure. Its osmolarity is 600 mosm/kg H 2 O and the pH is between 6.5 and 7.5. The viscosity is 7.5 mPa at 37°C.
The non-ionic XCA used in this study was iopromide, trade name Ultravist 300 ® . Ultravist 300 is a non-ionic XCA with a monomeric molecular structure. Its osmolarity is 770 mosm/kg H 2 O and the pH is between 6.5 and 7.5. The viscosity is 9.5 mPa at 37°C.
Measurement Methods
Blood was drawn from a large-lumen cubital vein before each cardiac catheterisation procedure. Disposable syringes and a butterfly system with a needle diameter of 1.1 mm were employed. The blood was aspirated slowly and was mixed during aspiration by rotating the syringe. The syringes were prefilled for anticoagulation with isotonic 3.1% sodium citrate solution (1 ml sodium citrate/9 ml blood).
Circulating platelet aggregates were detected as a parameter of primary haemostasis according to the Wu and Hoak [13] method with the modification of Grotemeyer [14] . The test set-up is founded on the basis that the platelet aggregates that exist in vivo or arise through blood collection are dissolved through the action of ethylenediamine tetra-acetic acid disodium (EDTA) and fixed immediately through EDTA plus formalin. The measurement results for both samples can be expressed as a quotient. If one places the value from the EDTA plus formalin sample in the denominator, then the quotient increases with the number of aggregates. The index for the platelet reactivity (PRI) is calculated as follows:
The existing increased in vivo presence of thrombocyte aggregates has proven to be a reliable indicator of increased platelet function in cardiac infarction, cerebral infarctions or transitory ischaemic attacks [13] . A PR 1 1.04 is suspicious, and values greater than 1.2 are certainly pathological [14] .
The serotonin concentration was measured as an indicator of platelet activation [15] . It was measured by means of ELISA (Coulter Immunotech, Hamburg, Germany). Activation of the haemostasis system was detected through parameters which rise significantly particularly when thromboembolic processes are taking place [16] . The following were measured to detect thrombin generation: thrombinantithrombin III complex, prothrombin fragments (F1+2) and the D-dimers (split products of FXIII cross-linked fibrin strands induced by the action of plasma which indicate that coagulation has taken place with consequent fibrinolysis). The thrombin-antithrombin III complex was measured using the Enzygnost TAT ELISA (Behringwerke, Marburg, Germany) in the Quantum II photometer (Abbott, North Chicago, Ill., USA) [17] . The D-dimers were measured by ELISA using the EIA APP microreagent (Behringwerke) [17] , and the prothrombin fragment F1+2 using the Enzygnost TAT ELISA (Behringwerke). The calibration was performed according to the standards for ELISA kits. The cut-off levels under the given experimental conditions were 0.5 Ìg/ml for the D-dimers and 3.2 ng/ml for the thrombin-antithrombin III complex.
Furthermore, tissue factor and thrombomodulin were measured as endothelial injury factors, which possibly provide evidence of the degree of injury at the site of ablation. Thrombomodulin was measured by ELISA using polyclonal antibodies to human thrombomodulin (Diagnostika, Stago, Asnieres Cedex, France) [18] . Tissue factor was measured by ELISA (American Diagnostics, Greenwich, USA).
Statistics
The statistical analysis was carried out in accordance with the European Community -Good Clinical Practice (EC-GCP) Note for Guidance. A sample size estimate was not possible since there were no data available.
In order to guarantee the integrity of the data, the case report forms were submitted in duplicate and then subsequently checked p b-a = Comparison before versus after contrast agent; p G = comparison of the difference (baseline value minus value after the end of the procedure) between the contrast agents); PC = platelet count; PRI = platelet reactivity index; H = Hexabrix ® ; U = Ultravist ® . and compared. Any discrepancies were corrected on the basis of the original data. All random samples were expressed as the mean value and standard deviation. An explorative analysis established whether the parameters tested changed after the respective procedure compared to the initial value (p b-a ). The t test for paired random samples was employed for the two-sided analysis. The null hypothesis is as follows: there is no difference between the initial value (Ì before ) and the final value (Ì after ), i.e. Ì before = Ì after . A difference was assumed for p b-a ! 0.05.
Beyond this, it was also investigated whether each contrast medium had an influence on the parameters studied. For this, the differences between the initial value for the respective parameter and the value obtained 30 min after completing the procedure were calculated. These differences (Ì diff XCA1 and Ì diff XCA2) were compared for the two contrast media (p G ). Here, the null hypothesis is as follows: the two calculated differences do not differ from each other, i.e. Ì diff XCA1 = Ì diff XCA2. The t test for unpaired random samples was employed for the two-sided analysis. A difference was assumed for p G ! 0.05.
Patients
Eighteen patients in the ioxaglate group were male and 2 were female. The average age of the patients in this group was 63.1 B 6.3 years, the average weight was 82.7B 10 kg and the average height was 173 B 9 cm. Nineteen patients in the iopromide group were male and 1 was female. The average age of the patients in this group was 60.8 B 10 years, the average weight was 80.4 B 18 kg and the average height was 173.4 B 8 cm. There were no demographic differences between the two groups.
Two patients in the ioxaglate group and 3 patients in the iopromide group had no coronary heart disease; 3 and 5 patients, respectively, had single-vessel disease; 6 and 5 patients, respectively, had twovessel disease; and 9 patients in the ioxaglate group and 7 patients in the iopromide group had triple-vessel disease. Fourteen patients in the ioxaglate group and 13 patients in the iopromide group were treated with acetylsalicylic acid.
The volume of contrast agent given was 141.3 B 35.1 ml in the ioxaglate group and 142.0 B 35.1 ml in the iopromide group. The two groups of patients did not differ with regard to the volume of contrast agent given (p 1 0.05).
Results
Platelet System
There was a marked fall in the number of individually circulating platelets after the use of both contrast agents (p b-a = 0.0001 and 0.0063, respectively). The difference (platelet count before minus platelet count after cardiac catheter angiography) did not differ for the two contrast agents (p G = 0.3033).
After giving ioxaglate, the platelet reactivity fell markedly (p b-a = 0.0383), while it was unchanged after iopromide (p b-a = 0.5212). There was no difference between the two XCAs with respect to the differences (platelet reactivity before minus platelet reactivity after cardiac catheter angiography) (p G = 0.1926).
The serotonin concentration did not change after ioxaglate (p b-a = 0.8822), while it rose markedly after iopromide (p b-a = 0.0147). When the differences were compared, there was a significant difference between the two contrast agents (p G = 0.0333). These results are summarised in table 1.
Plasma Coagulation
After injecting ioxaglate, the prothrombin fragments did not change (p b-a = 0.2575), while they rose after iopromide was used (p b-a = 0.0183). When the groups were compared (prothrombin fragments before minus prothrombin fragments after cardiac catheter angiography), there was a trend to a difference between them (p G = 0.0882).
The D-dimers did not change after either ioxaglate or iopromide (p b-a = 0.1816 and 0.1682, respectively). The difference (D-dimers before minus D-dimers after cardiac catheter angiography) did not differ for the two XCAs (p G = 0.2238).
Jung/Spitzer/Pindur The thrombin-antithrombin III complexes did not change after ioxaglate (p b-a = 0.3461), while they rose markedly after iopromide (p b-a = 0.0034). The difference (thrombin-antithrombin III complexes before minus thrombin-antithrombin III complexes after cardiac catheter angiography) differed markedly for the two XCAs (p G = 0.0288). These results are summarised in table 2.
Endothelial Injury Markers
Thrombomodulin and tissue factor did not change after the diagnostic cardiac catheter angiography. There was no difference between the two contrast agents (table 3).
None of the patients had a major complication [19] during the course of the study, and there was no clinical evidence of nephrotoxicity (none of the patients initially had a creatinine value greater than 1.2 mg/dl).
Discussion
None of the measured parameters (demographical, clinical, procedural and chemical) differed significantly between the two patient groups before the application of the contrast medium, so that comparability of the patient groups can be assumed.
Under the influence of activated factor X on prothrombin, thrombin and the prothrombin fragments F1+2 are produced [20] . The resulting thrombin forms with antithrombin III an equimolar thrombin-antithrombin III complex, and this is considerably hastened by heparin [21] . In the present study, the markedly greater rise in prothrombin fragments F1+2 (p = 0.0882) and in the thrombin-antithrombin III complexes (p = 0.0288) when the groups were compared thus showed increased thrombin production after use of the non-ionic compared to the ionic XCA. Since the concentration of the endothelial injury markers thrombomodulin and tissue factor did not differ, the difference in thrombin production might be attributable to the XCA itself and not to different endothelial injuries.
No medication was employed during the angiography (except that 2 patients in the ioxaglate group and 3 patients in the iopromide group received 2,500 IU of heparin). Our results show that the reduced thrombin release found by Chronos et al. [10] and recently by Al Dieri et al. [11] in vitro after ioxaglate compared to non-ionic XCAs is also found ex vivo. The increased thrombin release after the non-ionic XCA led to greater platelet activation, which is identifiable from the markedly increased serotonin release (p = 0.0033). Serotonin is released when platelets are activated and is regarded as a sensitive measurement to detect platelet stimuli [22, 23] .
Platelet reactivity itself fell after ioxaglate, while it rose slightly after iopromide. These results confirm the investigations of Heptinstall et al. [24] , who showed that ioxaglate inhibited ADP-induced platelet aggregation, while other non-ionic XCAs had pro-aggregatory effects and caused massive platelet degranulation. With regard to early platelet thrombus formation, there is no difference between ionic and non-ionic XCAs [25] .
Although both XCAs are of low osmolality, their osmolality is still considerably higher than that of plasma. After injection of XCA, a shift of interstitial fluid into the vascular compartment rapidly compensates for this osmotic effect [26, 27] . As a result of this compensation, the plasma volume increases by approximately 5-7%. There was no difference in the effect on platelet count (and haematocrit) between the two XCAs, so that the haemodilution effect of the two XCAs was comparable.
Besides these in vitro studies, similar results have been obtained in several studies using animal models. Levi et al. [28] found that ionic XCAs had an inhibitory effect on thrombus formation and thrombus growth, while nonionic XCAs supported the formation of thrombosis. Aguejouf et al. [29] (found increased thromboembolic complications with non-ionic XCAs) and Corot et al. [30] (showed a significant reduction in thrombus formation with ionic XCA) found similar results.
One of the most serious complications associated with the use of XCAs arises from the interaction of the XCA with the coagulation system, the blood cells and the vessel wall, which can lead to partial or even complete vessel occlusion. This is promoted by the fact that many patients with coronary heart disease have an imbalance of the coagulation system, designated by Meade [31] as a prethrombotic condition. Patients with unstable angina have a particularly high risk, for instance when a plaque ruptures. As the principal mediator of thrombogenesis, thrombin plays a central role in the formation of vascular lesions [32, 33] . Moreover, thrombin is also a potent growth factor which initiates the proliferation of smooth muscle cells at vessel wall injuries and modulates the effects of other growth factors such as platelet-derived growth factor [34] . More recent clinical studies have confirmed that the findings described above have clinical implications. It has been shown angioscopically that significantly fewer intracoronary thrombi occur in patients with unstable angina during an intervention if ioxaglate is used as the XCA [6] . This may also explain the results published recently by Scheller et al. [35] concerning a reduced rate of acute and subacute stent stenosis.
As we did not collect blood samples after cardiac catheterisation but before giving XCA, we cannot estimate the influence of possible endothelial injuries or of the foreign surfaces of the port and catheter. A trend toward a transient influence on haemostatical parameters before giving XCA was shown by Biancardi et al. [36] and Hoffmann et al. [37] , so that a procedural influence on haemostasis cannot be ruled out. Since the concentration of the endothelial injury markers thrombomodulin and tissue factor did not differ, the difference in thrombin production might be mainly attributable to the XCA itself and not to different endothelial injuries. A possible contact activation by the foreign surfaces of the port or catheters would have to be similar, since identical materials were used for both groups.
Blood samples were collected from a peripheral vein and not from the coronary sinus and, therefore, we may have overlooked local effects of XCA on haemostasis.
Conclusions
The use of an ionic XCA (ioxaglate) in diagnostic cardiac catheterisation angiography was associated with lower thrombin generation and lower activation of the platelet system than when a non-ionic XCA was employed (iopromide). The results of this ex vivo study thus confirm the data of various in vitro studies and animal investigations.
